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       There is increasing practice and policy interest in the potential for natural environments to provide positive human health and well-being benefits. Attention Restoration Theory (ART) is commonly referenced to explain how this benefit might accrue, however it is unclear how strong the empirical evidence is for this proposed mechanism. In cognitive psychology, the ability to focus on a task that requires effort is known as directed or voluntary attention ().  This ability is finite and may become fatigued.  Attention fatigue may occur when there is a need to focus on a specific stimulus or task with little or no intrinsically motivational draw, whilst suppressing distractions which may be inherently more interesting, an example being filling in a tax return while your children are playing in the garden (; ). Attentional fatigue is important, not least because it is associated with poorer decision making and lower levels of self-control, which in turn have been linked to a variety of health-related issues such as obesity via increasingly understood neural and behavioral pathways  ADDIN EN.CITE (; ; ).
         More than half the world’s population lives in urban areas. From a psychological perspective, urban lifestyles impose increasing demands on our cognitive resources ().  According to ART these increasing demands on directed attention may be linked to attention fatigue (; ).   The antidote, the theory claims, is to take time out of these busy, highly stimulated lives and spend time in natural environments that demand less of our cognitive resources and allow us to recover our attentional capacities.
      ART proposes that people benefit from the chance to ‘be away’ from everyday stresses, to experience expansive, unconfined spaces (‘extent’), engage in activities that are ‘compatible’ with our intrinsic motivations and, critically, experience stimuli that are ‘softly fascinating’ (). This combination of factors encourages ‘involuntary’ or ‘indirect attention’ and enables  our ‘voluntary’ or ‘directed’ attention capacities to recover and restore (; ). Relaxing settings (such as places of worship) and activities (such as sleep) may provide restorative opportunities, but ART argues that nature may be particularly useful because it has an “aesthetic advantage”  ADDIN EN.CITE (; ; ).   It allows individuals the opportunity for ‘reflection’ and consideration of unresolved issues, facilitated by the self-transcendence that may be experienced when spending time in the natural world  ADDIN EN.CITE (; ).
        The original development of ART was largely descriptive; based on observations of human-nature interactions and analysis of qualitative data (). It was subsequently linked more broadly to attention theory. Kaplan (1995), for instance, associated directed attention fatigue to problems in selection and problem solving, inhibition of competing stimuli, and feelings of irritability. More general psychological research, which provides, Several investigators extended this by building on behavioral and neural evidence of a distinction between ‘top-down’ directed attention and ‘bottom-up’ involuntary attention  ADDIN EN.CITE (; ; Fan et al 2005) is pertinent to this discussion.  It waSpecifically, it has been s postulated that directed attention is more linked to higher order mental functions because of a greater load on working memory produced by, among other things, the need to suppress distracting stimuli or alternative attentional cues. The simpler attentional processes of alerting (becoming aware of something) and orienting (taking actions to focus on a stimulus) should be less affected by the trials of modern living because they demand relatively few cognitive resources. These processes are thus less likely to need recovery in the same way as the executive functions of attention, such as working memory, which not only needs to hold and replay visual and auditory stimuli, but may also have to manipulate them according to rules stored in short-term memory ().
      This discussion is important because it suggests that only relatively demanding attentional tasks should show improvements following exposure to nature. An example is the Backwards Digit Span test, which requires participants to both remember and manipulate (reverse) a series of numbers.  In contrast, tasks that require relatively few cognitive resources should be less demanding and so less affected by exposure to nature. An example would be the Sustained Attention to Response Task, which requires participants to identify when the number 3 appears in a list of digits.
      A subsequent theoretical paper by ) proposed that directed attention fatigue may be linked to a loss in self-regulation, such as the ability to resist temptation (Baumeister et al., 2007), suggesting these two processes may share a common resource ADDIN EN.CITE  .  If true, relative depletion on tasks measuring self-regulation and the ability to inhibit actions, rather than just directed attention, might also be seen following exposure to urban vs. natural environments.  ) presented a number of studies to support these claims. However, this review did not aim to systematically collect all relevant papers in the field and, thus, may have missed those that came to a different conclusion.
     By contrast a recent systematic review of the evidence for general health-related benefits of exposure to nature used a more systematic search strategy ().  Consequently, it included a broader evidence base and also included a formal appraisal of study quality in an attempt to weigh the relative importance of different studies. From the eight studies using cognitive measures of assessment, a meta-analysis of five, focusing on post-exposure measures, supported ART. However, the three better designed studies, measuring cognitive performance both before and after exposure, demonstrated no marked evidence of improvements following exposure to nature.
     A number of features of the ) systematic review are important.  First, the studies included for the cognitive aspect of the review are different to those reviewed by ), suggesting the need for a systematic review of all appropriate studies. Second, investigations using subjective measures of directed attention, such as parental reports of children’s ability to concentrate, were included. A more robust test of the theory would focus on those studies using objective measures. Third, and partly because of the limited number of investigations reviewed in both papers, there was little opportunity to examine whether some attention measures were more sensitive to exposure to natural environments than others. All of the measures may be considered as trying to measure the same underlying construct: directed attention capacity. As with any measurement tool, each is subject to measurement error and might be more or less effective. Moreover, since each measure may be tapping into a slightly different aspect of directed attention capacity (such as alerting, orientating or executive functions) considering data on the effects of nature on different types of measure may shed light on the precise mechanisms by which nature may restore attentional processes ().
      The aim of the current systematic review was to identify, select, appraise and synthesize the evidence for ART among studies that used experimental and quasi-experimental approaches and objective measures of attention.  A larger sample of studies was included (n=31) than was the case in either of the previous reviews.  The studies were also critically appraised and meta-analyzed where possible. Such meta-analysis is consistent with Gifford’s (2014) call for better evidence synthesis in environmental psychology. 
Methods
    This systematic review followed the general principles published by the ). The pre-defined protocol is available on PROSPERO (Reference CRD42013005008).
Review Question
What is the relative attention restoration potential of natural settings compared to other settings? 
Literature search
      A search strategy was devised by the research team, led by our Information Specialist (Alison Bethel) which captured concepts of attention restoration, cognitive function and natural versus other settings. No suitable MeSH (Medical Subject Headings) terms were identified. No methods filters were used. The master search strategy (Table 1) was adapted and run in the following electronic databases in July 2013: PsycINFO, MEDLINE and EMBASE (using OVID); AMED, SPORT Discus and Environment Complete (using EBSCOHost); Web of Knowledge (on Thomson). Reference lists of included studies were scrutinized for relevant investigations. . Forward citation searches were undertaken on included studies. All searches were from 1989, when the seminal investigations on ART were published. Citation searches were also performed in Web of Science using these key references: ; .
Inclusion criteria
Studies were eligible for inclusion in the review if they met the following criteria:
Population: Any.
Intervention and comparators: Studies reporting a comparison of the effects of exposure to natural settings and other, non-natural settings. The definition of ‘natural’ included real settings (such as parks, forests, wilderness areas) and virtual settings (images or videos of similar settings). The definition of ‘non-natural settings’ included real settings (such as city centers, residential areas, parking lots) and virtual ones (images or videos of similar settings). Types of engagement with these settings included active (such as walking or running) and passive (such as looking at the view from a window).
Outcomes: Objective measures of attention capacity, for example the Digit Span Forward or Backward.
Study design: All experimental designs including randomized controlled trials, quasi-experimental studies (non-randomized controlled trials; randomized or non-randomized crossover trials) and natural experiments. With the exception of natural experiments, non-randomized studies were included if they recorded measures of attention before and after exposure to nature/non nature settings. Studies were excluded if baseline measures were taken after exposure had commenced because it was necessary to establish baseline attentional abilities.
Other: Conference proceedings or dissertations were included if there were sufficient data to assess the risk of bias. No language restrictions were applied.
Study Selection
All references identified through the search strategy were uploaded into ENDNOTE (X7, Thomson Reuters) and duplicates removed. Reference titles, and abstracts where available, were independently double screened against the inclusion criteria (by Heather Ohly and Ruth Garside/Alison Bethel). Studies appearing to meet these were retrieved in full text. One article was published in Chinese and this was professionally translated. Full text screening was completed independently by two reviewers (Heather Ohly and Ruth Garside) using the same criteria. Discrepancies were resolved through discussion between reviewers.
Data extraction
A standardized, piloted data extraction sheet was developed in Excel to ensure consistency between studies and reviewers. Data extracted for each study included: study design, sample characteristics, setting characteristics (natural and non-natural), type of exposure and engagement, duration of exposure, measures of attention and duration of follow up. Authors were contacted to clarify or supply missing data where necessary. Data were independently extracted by one reviewer (Heather Ohly) and checked by a second (Ruth Garside/Ben Wheeler/Mathew White). Disagreements were resolved by discussion, including the full team where necessary.
Quality appraisal
The overall quality of the included studies was assessed using a combination of resources and guidelines: quality indicators from the ) critical appraisal checklists from the ); quality assessment tool for quantitative studies from the 2013). These tools aim to assist reviewers in identifying potential sources of bias and make a considered judgment how robust the evidence may be.
 	A bespoke quality appraisal rating system was developed using 20 standard indicators of robust study conduct considered relevant in a review context. The rationale and method of applying some of these indicators is provided in Table 2. Each quality indicator used the following ratings: yes = 2; partial = 1; no = 0; unclear = 0. To accommodate the fact that not all questions were applicable for all study designs, for example questions about appropriate randomization, all studies were rated overall using a percentage score based only on ‘applicable’ criteria. Overall quality assessment was given as low (0-33%), moderate (34-66%) or high (67-100%).  
Given changing standards relating to methods reporting and limited word counts for many journals, first authors of included papers were contacted where an indicator had initially been scored “unclear” (n = 24). They were asked to provide more information about the study, and these “unclear” indicators in particular, to aid a more informed assessment of the papers. Of the 24 requests, we received 9 responses with authors providing further details of study design. We recorded whether or not authors had responded to our request in Table 4. 
Data synthesis
Random effects meta-analysis models were fitted using standard methods, in which inverse variance is used to weight individual study results, to pool the effect estimates across studies.  The meta-analyses compared attention outcomes at follow-up between groups exposed to natural settings (intervention) and groups exposed to non-natural settings (control) (). Summary data, the mean and standard deviation of the outcome, and sample size in each group for each study were used in the meta-analysis, with pooled results reported as mean differences (intervention – control). Results were considered significant at the 5% level. Data were pooled from investigations that used the same measures of attention measures and reported the sameuse the same  outcomes (some attention measures have multiple associated outcomes). Care was taken not to double count participants, for example in crossover trials when participants completed the same walk twice, alone and with a friend  ADDIN EN.CITE ().
One article included three separate studies each with independent samples  ADDIN EN.CITE (). The first study compared two groups, one viewing natural images and the other viewing urban images. The second study had only one group, viewing geometric images, which were compared with data from the first study. As the urban group from the first study and the geometric group from the second were independent, their results were combined before being pooled with the third study in the meta-analysis.
None of the studies that measured outcomes at baseline reported using the correct method to adjust for baseline imbalance, analysis of covariance (ANCOVA) (). Consequently, all meta-analyses were carried out using data at follow-up only.  The main meta-analyses included all studies regardless of the level of baseline imbalance. Studies for which the mean difference between the groups in outcome score at baseline was greater than a tenth of the standard deviation in the control arm (i.e., “effect size” of 0.1) were considered to have imbalance at baseline. Cohen (1992) is his summary of effect sizes in behavioural science studies used a threshold of 0.2 to define a small effect size (Cohen, 1992). Sensitivity analyses were also conducted in which only those studies that had low levels of baseline imbalance were included, to illustrate the potential impact of imbalanced investigations on the results of the meta-analyses.  
Data analysis was carried out using Stata 13 and Review Manager (RevMan 5.2).
Where studies could not be meta-analyzed, as they contained outcomes not shared with other investigations, or where insufficient data was supplied, results are described narratively.
Results
Search results
Searches identified 10,979 unique records. Twenty-four articles met the inclusion criteria (see Figure 1).  Some of these articles reported results from more than one investigation, so 31 separate studies were included.
Study characteristics
   The 31 included studies were from Europe, USA and Asia, which varied in terms of study design, sample characteristics and study duration, as well as the type and extent of exposure to nature (Tables 3A to 3D).
    Study designs included 16 randomized controlled trials (RCT) from 12 articles  ADDIN EN.CITE (; ; ; ; 1996; 2003; ; ; ; ; ; ; ); seven  randomized crossover trials from 6 articles  ADDIN EN.CITE  (; ; ; ; ); three natural experiments  ADDIN EN.CITE (; ; ); three non-randomized controlled trials  ADDIN EN.CITE (; ; ); and two non-randomized crossover trials  ADDIN EN.CITE (; ).
     Study populations included children, ‘students’ and adults. Some samples were of individuals  with psychological conditions such as ADHD, depression or schizophrenia  ADDIN EN.CITE (; ; ; ), lower income groups such as African American residents of an inner city housing development (, Taylor et al, 2002), or participants  experiencing other circumstances that, it is suggested, might influence their attention capacity; such as pregnancy or breast cancer  ADDIN EN.CITE (; ). The remainder of the samples had ‘normal’ cognitive function.
     Study duration and intensity varied, from less than an hour of exposure in controlled conditions, to multiple days or weeks of exposure in real life settings. The longest exposures were seen in the natural experiments, where participants had been exposed to their surroundings for months or years  ADDIN EN.CITE (; ; ). Studies used a variety of cognitive tests. 
     Some studies involved actual exposure to nature: either through active engagement (walking, running or other activities) ADDIN EN.CITE ; ( ; ; ; ; ; ; ; ; ; ; ; ; ) or passive engagement (resting outside or living with a view)  ADDIN EN.CITE (; ; ; ; ). Other investigations  involved virtual exposure to nature: this was exclusively passive engagement (watching video or viewing images)  ADDIN EN.CITE (; ; ; ; ; ; ).
Most studies had a comparison group that involved equivalent exposure to a non-natural (urban or indoor) setting. Four studies used a placebo control setting involving relaxation time or usual activities  ADDIN EN.CITE (Stark, 2003; ; ).
      Quality scores varied from 22.5% to 75% (Table 4). Seven of the 31 included studies were classified as ‘high’ quality (scoring 67-100%), while 22 were classified as ‘moderate’ (scoring 34-66%) and two were classified as ‘low’ quality (scoring 0-33%). The quality indicators reflected overall study quality and also how well the study answered our review question, which may not have been the main focus of the individual studies. Indicators that very few studies reported clearly were: power calculation, randomization procedure, if participants were blind to the research question, demonstrated need for attention restoration, if outcome assessors were blind to group allocation and whether the sample was representative of target population.
Evidence for effects of nature on attention capacity
     Some studies reported results for sub-groups, such as men/women  ADDIN EN.CITE (), task/no task  ADDIN EN.CITE (; ) and alone/with friend  ADDIN EN.CITE (). One study compared one natural group (walking in woods) and two non-natural groups (walking in neighbourhood and walking in parking lot), but only presented attention scores for the sample as a whole  ADDIN EN.CITE ().
      A variety of cognitive tests were used to measure attention capacity. The evidence for effects of nature on attention capacity is presented below for each attention measure separately though, as noted above, we make no claims about which of these measures is the most appropriate in the context of ART. Where data could be pooled, forest plots were produced and are reproduced here if three or more studies were included.  Meta-analyses pooling only two studies are described in the text and forest plots are presented in the Supporting Information.
      Data relating to two outcome measures could not be pooled and these data are reported narratively (Proof Reading Task and Symbol Substitution Test).  Measures of attention unique to a single study are described narratively.  Full details of all study outcomes are presented in Tables 5A to 5L.
Digit Span
    About the test - Participants are presented with a series of digits (e.g., '8, 3, 4') and need to immediately repeat them back. If done successfully, they are given a longer list of digits (e.g. '9, 2, 4, 0'). The length of the list is increased until the participant fails to accurately recall a list of that length on two subsequent occasions. The length of the longest list a person can remember is their digit span. In the Digit Span Forward (DSF), participants have to recall the digits in the same order they are presented. In the Digit Span Backward (DSB), participants have to reverse the order with which they are presented.
Digit Span Forward (DSF)
       Five studies reported DSF scores (Table 5A)  ADDIN EN.CITE (; ; ; ; ).  The meta-analysis included data from three studies, none of which were balanced at baseline  ADDIN EN.CITE (; ; ). The natural exposure groups performed significantly better than controls (Figure 2).
Digit Span Backward (DSB)
    Eleven studies, reported in 10 articles, reported DSB scores (Table 5B)  ADDIN EN.CITE  ( ; ; ; ; ; ; ; ; ). The meta-analysis included data from 8  studies reported in 7 articles ADDIN EN.CITE   ( ; ; ; ; ; ).  The natural exposure groups performed significantly better than controls.  (Figure 3). Sensitivity analysis, including only the two studies that were balanced at baseline ADDIN EN.CITE ( ), also indicated better DSB performance in the intervention groups (natural).
Combined Digit Span Backward/Forward (DSB/DSF)
    One study reported combined DSB/DSF scores, obtained by summing the two scores  ADDIN EN.CITE () (Table 5C). The meta-analysis included data from two independent groups (men and women) from one study, which were not balanced at baseline  ADDIN EN.CITE (). There was little evidence of a marked difference between groups at follow-up. (Figure 4).
Proof reading task (PR)
About the test – The participant is asked to find simple misspellings, typographical and grammatical errors in a 5-page passage of text. The score is the percentage of errors detected from the total present at the point in the text reached after 10 min. Higher scores indicate better performance. Due to the length of the task, it measures attentional vigilance, a key aspect of which is the inhibition of distractions. 
    One article, containing two studies, reported proof reading scores (Table 5D)  ADDIN EN.CITE (). The first study found that proof reading scores improved in the natural group (wilderness backpacking) and declined in the two non-natural groups (non-wilderness vacation and no vacation); the difference in change between groups was not statistically significant. The second study reported proof reading scores at follow-up only, which were significantly higher in the natural  group (nature walk) compared to the two non-natural groups (urban walk, and passive relaxation indoors). This was an RCT but it was not clear whether the groups were balanced at baseline. Lack of data precluded meta-analysis.
Necker Cube Pattern Control (NCPC)
     About the test – An image of a three-dimensional cube is presented, which may  be perceived from alternative perspectives resulting from reversal of the foreground and background. The participant needs to indicate the number of times the cube appears to ‘flip’ or change perspectives in a short, timed period. The test is performed twice: first with the participant just observing the cube (baseline) and the second time attempting to hold one perspective (controlled). The score may be calculated in various ways including: %  reduction in reversals between the two tests (higher scores indicate better performance), the difference in reversals between the two tests (higher scores are better), or the number of reversals in the controlled test (lower scores are better).
Four studies reported NCPC scores (Table 5E)  ADDIN EN.CITE (; ; ; ). Meta-analysis was conducted separately for different calculations of the NCPC score.
Percentage reduction in reversals – Two studies were included in the meta-analysis. Study populations were either not balanced at baseline () or balance was unknown  ADDIN EN.CITE (). There was little evidence of a difference between groups at follow-up. Wide confidence intervals indicate substantial uncertainty in the pooled effect estimate (Figure 5).
Number of reversals – Data from two independent groups, reported in the same study, were included in the meta-analysis. ADDIN EN.CITE () One group completed a mental loading task prior to the environmental exposure; the other group did not. The groups were not balanced at baseline. Pooled results indicated little evidence of a significant difference between groups at follow-up (Figure 6).
Search and Memory Task (SMT)
About the test – The participant memorizes 5 target letters, then searches lines of 59 letters and crosses off any target letters found. They need to complete as many lines, and find as many target letters, as possible in 10 min. The number of target letters per line, and in total, varies between studies. The score may be calculated in various ways including: the % missed targets (accuracy: lower scores indicate better performance), the number of errors per line (accuracy: lower scores are better), the number of letters searched in a given time (speed: higher scores are better), or accuracy multiplied by speed (higher scores are better). This task combines elements of vigilance and working memory capacity. As targets are essentially random, it might be argued that this is a more demanding task than proof reading.
Five studies, reported in three articles, reported SMT scores (Table 5F)  ADDIN EN.CITE (; ; ). Meta-analysis was conducted separately for different methods of calculating the SMT score.
Percentage error (accuracy) – Data from three studies, reported in the same article, were pooled  ADDIN EN.CITE (). Baseline data were not reported, so balance between groups is unknown. The first study reported data for two independent groups, one of which completed a mental loading task prior to environmental exposure. These data appear as separate studies in the forest plot. For both studies, data was reported in two blocks because data collection was conducted in two halves, completed back to back, in order to assess change in accuracy and speed over the course of the task (Table 5F)  ADDIN EN.CITE (). Data from both blocks were averaged for meta-analysis. There was no evidence of a significant difference between groups at follow-up.  The confidence interval indicates substantial uncertainty in the pooled effect estimate (Figure 7).
Number of letters searched (speed) – As above, data from three studies, reported in the same article, were pooled  ADDIN EN.CITE (). The control groups (non-natural) performed significantly better than the intervention groups. (Figure 8).
Sustained Attention to Response Test (SART)
About the test – One digit (1-9) is assigned as the target. Digits are presented to the participant on a computer screen in quick succession. They need to press the space bar every time they see a non-target digit, and avoid pressing the space bar when they see the target. The one paper that used this test focused on 4 separate scores: reaction times (lower scores indicate better performance), number of incorrect responses (lower scores are better), number of correct responses (higher scores are better), number of incorrect responses (lower scores are better), and sensitivity (or d-prime) which takes into account correct and incorrect responses simultaneously (higher scores are better). The SART was designed to measure ability to withhold responses to infrequent and unpredictable stimuli during a period of rapid and rhythmic response to frequent stimuli and so could be viewed as a vigilance task ().
Three studies within one article reported SART scores (Table 5G)  ADDIN EN.CITE (). Meta-analysis was conducted separately for the 4 approaches to measuring SART outcomes. However, there are  some concerns that the outcomes reported in these studies are not the same as those intended by the developers of SART ().
Reaction time (milliseconds) – The three studies were balanced at baseline  ADDIN EN.CITE (). There was no evidence of a significant difference between groups at follow-up.  (Figure 9).
Number of correct responses – The three studies were not balanced at baseline  ADDIN EN.CITE ().  There was no evidence of a significant difference between groups at follow-up. (Figure 10).
Number of incorrect responses – Of the three meta-analyzed studies, only one (study 3) was balanced at baseline  ADDIN EN.CITE (). There was little evidence of a significant difference between groups at follow-up.  (Figure 11). This was also true for the balanced study alone  ADDIN EN.CITE () (Figure 11).
Sensitivity (or d-prime) – The three studies were not balanced at baseline  ADDIN EN.CITE (). There was little evidence of a significant difference between groups at follow-up. (Figure 12).
Symbol Digit Modalities Test (SDMT)
About the test – The participant is given 9 pairs of symbols and digits (e.g. 1#, 2X, 3$...9%).  After practicing writing the correct number under the corresponding symbol on a test sheet, the participant is given a blank copy of the test and asked to write the correct number for each symbol in 90 seconds. This is repeated orally. The number of correct symbol/digit pairs for the written and oral tests are combined, with higher scores indicating better performance.
Given the complexity of the task, it probably reflects several perceptual, attentional and executive function processes. ) suggested that it is one of the best tools to distinguish between early signs of dementia and depression, indicating that while many of the attentional tests may be affected by mood, the SDMT is tapping into cognitive function over and above any mood effects (p.524).
Three studies reported SDMT scores (Table 5H)  ADDIN EN.CITE (; ; ). The meta-analysis included data from two studies  ADDIN EN.CITE (; ). Only the latter was balanced at baseline  ADDIN EN.CITE (). This study reported data for men and women as subgroups and these appear as separate rows in the forest plot. There was little evidence of a significant difference between groups at follow-up (Figure 13). This was also the case for the balanced study alone.  (Figure 13).
Symbol Substitution Test (SST)
About the test – As for the SDMT, participants are given pairs of 9 symbols and digits.  For the SST, they are asked to assign the correct digits to a series of blanks, each paired with a symbol. After a practice trial, the participant is given 60 seconds to fill in as many of the 110 available blanks as possible. The score is the number of correct assignments completed, higher scores indicate better performance. Comments above about the processes SDMT measures also apply to SST, where speed is an even more important consideration. It is unclear why this test was renamed and administered for a shorter test period compared to the SDMT.
Only one study reported SST scores (Table 5I)  ADDIN EN.CITE (). This study was a crossover design in which participants walked 4 times: alone and with a friend, in natural and non-natural settings. SST scores declined for all 4 conditions, with the greatest decline observed in the natural setting walked with a friend. Differences in change between the natural and non-natural groups, regardless of social context, was significant. However, the SST performance differences between groups were greater at baseline and the gaps closed during the intervention, which may reflect regression to the mean. Meta-analysis was not appropriate for this outcome measure because the two environment groups were not independent  ADDIN EN.CITE (). Although this test was virtually the same as the SDMT, the difference in test periods (60 vs. 90 seconds) meant that it was not possible to meta-analyze the SST/SDMT scores together.
Trail Making Test A (TMTA)
About the test – On paper or computer, participants must connect 25 numeric targets (1, 2, 3, 4, 5…etc.) in the correct ascending order as quickly as possible. The score is completion time, so lower scores indicate better performance. Unlike most, the TMTA has a strong motor component, since the respondent has to coordinate actions as well as attention.
Two studies reported TMTA scores and both were included in the meta-analysis (Table 5J)  ADDIN EN.CITE (; ). Only one was balanced at baseline  ADDIN EN.CITE (). There was no evidence of a marked difference between groups at follow-up (Figure 14). The one balanced study on its own also provided no evidence of a significant difference between groups at follow-up  ADDIN EN.CITE () (Figure 14).
Trail Making Test B (TMTB)
About the test – This follows the same procedures as Trail Making Test A, but targets alternate numbers and letters (1, A, 2, B, 3, C,…etc.). It places more demands on working memory as participants need to know whether they are shifting from numbers to letters, or vice versa.
All three studies reporting TMTB scores were included in the meta-analysis (Table 5K)  ADDIN EN.CITE (; 2011; ). Only one study was balanced at baseline() The intervention groups (natural) performed significantly better than controls (Figure 15). This finding was supported by the balanced study on its own () (Figure 15).
Other measures of attention
Ten studies uniquely reported other measures of attention (Table 5L). Three studies showed that attention performance improved in both (or all) groups, with a significantly greater improvement in the natural group  ADDIN EN.CITE (; ; ). The other studies either reported incomplete data  ADDIN EN.CITE (; ; ; ) and/or found no  significant differences in change between the natural and non-natural groups  ADDIN EN.CITE (; ; ).
Discussion
Key findings
   This systematic review is based on 31 studies with a variety of study designs, reported in 24 articles and found some empirical evidence to support ART: for three measures, Digit Span Forward (DSF), Digit Span Backward (DSB) and Trail Making Test B (TMTB), the meta-analyses showed statistically significant evidence that participants exposed to natural settings had better post-exposure attention scores than those exposed to non-natural settings. However, meta-analyses for 10 other attention outcomes (using 7 different attention measures) did not show any statistically significant differences between settings. Further, meta-analysis for one attention outcome, the Search and Memory Task, indicated that participants exposed to non-natural settings had significantly better post-exposure attention scores than participants exposed to natural settings. 
   Several measures showing significant effects, such as the Attention Network Task (ANT), have so far only been used in a single published study, precluding synthesis.  ANT is the only measure that attempts to delineate which of the attention processes (alerting, orientating or executive processes ()) may be restored through exposure to natural environments.  As noted above more agreement about the most appropriate measures of attention restoration is needed in the field. Further trials using these agreed on measures   would help future appraisals of the theory because more studies could then be included in fewer meta-analyses, resulting in greater power.
     It was not always clear how meaningful improvements were. The pooled data from the DSF test, for example, represents a mean increase of 0.39 digits recalled by those exposed to natural compared to non-natural settings. Despite being statistically significant, its practical significance in real-world settings is unclear.
        A full critique of the outcomes used for ART is beyond the scope of this review, but one can make some observations. Some tasks, including proofreading and SART, appear to measure vigilance processes, with relatively limited demands on executive functions such as working memory. These require that attention is inhibited from shifting to more interesting stimuli than the task, but require few things to be remembered or cognitively manipulated. Other tasks, such as the DSF, DSB, SMT, SDMT and SST, involve more obvious demands on working memory, either in terms of the amount of information remembered or the need to manipulate it.  Further, these measures encompass graded demands on cognitive processes; for instance, DSB involves more working memory and executive function than DSF. It was suggested that those tasks concerned with working memory may be most likely to be affected by natural exposure and so most relevant for measuring its impact on attention (e.g. Berman et al., 2008). However, not all the review analyses support this.  Some tasks that imposed higher levels of demand on working memory failed to show significant effects for exposure to nature (SDMT). Conversely, DSF and DSB displayed similar significant effects for exposure to nature compared to controls, although DSB places greater demands on working memory than the DSF. It not known whether these anomalies are related to lack of study power and limited numbers of studies contributing to each meta-analysis, low-moderate quality studies or inappropriate outcome measures. Again, better understandings of the mechanisms for attention restoration, and the best ways to measure them, are needed.
Only two studies measured attention during the exposure to nature, as well as before and after the exposure (Hartig et al.; ). This is potentially important because any positive effects on attention during exposure may also be considered beneficial, even if they do not persist beyond the exposure.  Future studies could consider including ‘during exposure’ measures to determine if the effects of nature are short-lived or longer lasting.
Review strengths
This is the first systematic review regarding   attention restoration potential of natural compared to other settings to focus on objective measures and use systematic methods to identify, select, appraise and synthesize relevant experimental studies. By focusing on attention, we were able to include many more relevant studies than Bowler et al (2010), and also conduct meta-analysis on several attention measures that had been used across several studies, allowing greater confidence in results (e.g. in the effect of nature to impact DSB scores). Nonetheless, a key outcome from the review process as a whole, shows that the field has yet to come to a clear consensus about exactly how to best operationally define ‘directed attention’ as conceptualized by ART. By clearly identifying those attention-related tasks that are most affected by nature, future research may therefore help refine ART by increasing our understanding of which precise attentional processes may be the most relevant. 
Review limitations
The studies included in this systematic review were heterogeneous in terms of study design, study population, sample size, attention capacity at baseline, type of natural setting, type of exposure to and engagement with nature, duration of exposure, measures of attention, outcomes, statistical methods used and data reported. This limited the scope for meta-analysis and it was not possible to determine which groups of individuals, settings and exposures might result in the greatest attention restoration. Many meta-analyses contained few studies, reducing their power and preventing statistical investigation of publication bias. We recommend that future studies consider using standardized approaches, to enable subsequent systematic reviews to explore potential differential effects more fully.
The quality of most (22/31) of the included studies was rated ‘moderate’, with 2 “low” and only 7 rated ‘good’. This was partly because some aspects of study design known to be particularly important (such as blinding and randomization procedures) were rarely reported in the included studies (). It is also important to acknowledge that some of these studies were published over 20 years ago and, since then, reporting standards have progressed considerably. As research in this discipline has not previously been judged against systematic review quality appraisal systems, some of the apparent limitations in studies where the authors did not reply to our request for further information, may be explained by lack of reporting, rather than deficits in conduct. Only 9/24 authors replied to our request for further information, and it is possible that this may have introduced an element of bias into our rating process.  In addition, it may be hard for subsequent reviewers to fully replicate the current evidence synthesis.  In medical and health services research, there is greater consensus around best practice reporting standards than in this field (). There is thus a need for researchers, journal editors and reviewers to come to an agreement about key elements of research conduct that requires to be reported in experiments in this field, in order for quality to be fairly judged. All of the quality indicators were given equal weighting in this system of appraisal. Therefore, although our quality appraisal system necessarily simplifies a complex issue, we believe it provides much-needed impetus and guidance for better research practice and reporting in future studies.
Ordinarily, quality appraisal in a systematic review would include an appraisal of the validity and reliability of outcome measures used by the included papers, and an earlier version of this paper did so. However feedback from peer reviewers led us to reconsider this.  It has been suggested that ‘directed attention’, ‘voluntary attention’ and ‘top-down attention’ are synonymous, and that any measure used to operationalize these concepts is, in theory, valid. Moreover, since nearly all measures used in the ART literature are examples of widely used attention measures with good psychometric properties then virtually all measures could be considered valid and reliable. However, it has also been suggested that ‘directed attention’, as defined by ART, is not clearly elucidated making it unclear how validity should be determined in the context of measures used to appraise the attention restoration value of different environments.  In this case, it is very difficult for researchers to know whether they have adopted an appropriately valid measure.  We concluded this debate was very broad and beyond the scope of our review, and subsequently removed this criterion form the quality appraisal tool. We believe the ART community should attempt to address this shortcoming in the future so that there is clearer agreement about which tools are deemed valid and reliable measures of ‘directed attention’ as defined by ART in future studies. 
In order to reduce bias in the meta-analyses, we only used the follow-up data from studies that had not used appropriate analysis of covariance methods to adjust for baseline imbalance.  A potential limitation of discarding the baseline data is that information is lost, making it less likely the analyses will detect differences between the trial arms (or estimate differences precisely).  
Where studies use multiple measures, it is possible that performance may be influenced by the order in which they were administered, with previous tests impacting on performance in subsequent ones.  We were not able to account for this possibility on the meta-analyses.
Finally, the current review was not designed to examine attention outcomes alongside the range of other outcomes claimed to be associated with exposure to natural environments such as recovery from physiological stress, improvements in mood, encouragement to exercise, facilitating social contact, encouraging optimal development in children, providing opportunities for personal development and a sense of purpose, despite many of our reviewed studies also including one or more of these outcomes (). Nonetheless, as the causal mechanisms for attention restoration may be co-related with other restorative effects, further synthesis, building on theoretical developments on how nature may restore people through multiple and interacting pathways, is needed.
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